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CLAIMS 

[C001] 1. An apparatus for producing tractive effort, said apparatus 
comprising: 

an energy source adapted for generating a high DC voltage; 

a motor drive adapted for generating a motor voltage from said high DC 
voltage; and 

a motor adapted for producing said tractive effort from said motor voltage, 
said energy source comprising: 

a heat engine adapted for generating mechanical power by burning a fuel; 

an alternator adapted for generating an alternating voltage from said 
mechanical power; 

a rectifier adapted for rectifying said alternating voltage and producing a 
low DC voltage; 

an energy battery adapted for storing and delivering energy derived from 
said low DC voltage; and 

a traction boost converter adapted for boosting said low DC voltage to 
produce said high DC voltage, 

said motor drive comprising: 

a power battery adapted for storing energy and delivering power at said 
high DC voltage; and 

a traction converter adapted for generating said motor voltage from said 
high DC voltage during motoring operation and for generating said high DC voltage 
from said motor voltage during braking operation. 
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[C002] 2. The apparatus of claim 1 wherein a ratio of the energy storage 
capacity of said motor drive to the power delivered by said energy source at said high 
DC voltage is between about 0.001 hours and about 60 hours. 

[C003] 3. The apparatus of claim 1 wherein a ratio of the energy storage 
capacity of said motor drive to the power delivered by said energy source at said high 
DC voltage is between about 0.5 hours and about 20 hours. 

[C004J 4. The apparatus of claim 1 further comprising a cranking inverter 
adapted for generating a cranking voltage from said low DC voltage during cranking 
operation of said alternator. 

[COOS] 5. The apparatus of claim 4 wherein said cranking inverter is bi- 
directional and further comprises a charging boost converter adapted for boosting said 
alternating voltage. 

[C006] 6. The apparatus of claim 1 further comprising a utility converter 
adapted for converting said low DC voltage to a utility voltage. 

[C007] 7. The apparatus of claim 6 wherein said utility converter is further 
adapted for selectively converting said utility voltage to said low DC voltage. 

[C008] 8. The apparatus of claim 1 further comprising a utility converter 
adapted for converting said high DC voltage to a utility voltage. 

[C009] 9. The apparatus of claim 8 wherein said utility converter is further 
adapted for selectively converting said utility voltage to said high DC voltage. 

[C010] 10. The apparatus of claim 1 further comprising: 

a cranking inverter adapted for selectively generating a cranking voltage or 
a utility voltage from said low DC voltage; and 

a transfer switch adapted for selectively coupling said cranking voltage to 
said alternator or said utility voltage to a utility grid. 
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[C011] 11. The apparatus of claim 10 wherein said cranking inverter is bi- 
directional and further comprises a charging boost converter adapted for boosting said 
alternating voltage. 

[C012] 12. The apparatus of claim 1 further comprising: 

a cranking inverter adapted for selectively generating a cranking voltage or 
a utility voltage from said high DC voltage; and 

a transfer switch adapted for selectively coupling said cranking voltage to 
said alternator or said utility voltage to a utility grid. 

[C013] 13. The apparatus of claim 1 wherein said energy source further 
comprises an ultracapacitor bank adapted for storing and delivering electrical energy, 
said traction boost converter being further adapted for controlling energy flows 
among said rectifier, said energy battery, and said ultracapacitor bank. 

[C014] 14. The apparatus of claim 13 further comprising a unidirectional 
coupler adapted for conducting current from said energy battery to said ultracapacitor 
bank. 

[C015] 15. The apparatus of claim 1 wherein said motor drive further comprises 
a power ultracapacitor adapted for storing and delivering energy derived from said 
high DC voltage. 

[C016] 16. The apparatus of claim 1 wherein said motor voltage is a DC voltage. 

[C017] 17. The apparatus of claim 1 wherein said alternator and said rectifier are 
further adapted for supplying power to auxiliary loads. 

[C018] 18. A method for producing tractive effort, said method comprising: 
generating a high DC voltage; 

generating a motor voltage from said high DC voltage; and 
producing said tractive effort from said motor voltage, 
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said act of generating said high DC voltage comprising: 
burning a fuel to generate mechanical power; 

generating an alternating voltage from said mechanical power using an 

alternator; 

rectifying said alternating voltage to produce a low DC voltage using a 

rectifier; 

storing and delivering energy derived from said low DC voltage using an 
energy battery; and 

boosting said low DC voltage to produce said high DC voltage, 

said act of generating a motor voltage comprising: 

storing energy and delivering power at said high DC voltage using a power 
battery; and 

generating said motor voltage from said high DC voltage during motoring 
operation and generating said high DC voltage from said motor voltage during 
braking operation. 

[C019] 19. The method of claim 18 wherein a ratio of the energy storage 
capacity of said motor drive to the power delivered by said act of generating said high 
DC voltage is between about 0.001 hours and about 60 hours. 

[C020] 20. The method of claim 18 wherein a ratio of the energy storage 
capacity of said motor drive to the power delivered by said act of generating said high 
DC voltage is between about 0.5 hours and about 20 hours. 

[C021] 21. The method of claim 18 further comprising generating a cranking 
voltage from said low DC voltage during cranking operation of said alternator. 

[C022] 22. The method of claim 21 wherein said act of generating a cranking 
voltage further comprises boosting said alternating voltage. 
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[C023] 23. The method of claim 18 further comprising converting said low DC 
voltage to a utility voltage. 

[C024] 24. The method of claim 23 further comprising selectively converting 
said utility voltage to said low DC voltage. 

[C025] 25. The method of claim 18 further comprising converting said high DC 
voltage to a utility voltage. 

[C026] 26. The method of claim 25 further comprising selectively converting 
said utility voltage to said high DC voltage. 

[C027] 27. The method of claim 18 further comprising: 

selectively generating a cranking voltage or a utility voltage from said low 
DC voltage; and 

selectively coupling said cranking voltage to said alternator or said utility 
voltage to a utility grid. 

[C028] 28. The method of claim 27 wherein said act of selectively generating a 
cranking voltage or a utility voltage further comprises boosting said alternating 
voltage. 

[C029] 29. The method of claim 1 8 further comprising: 

selectively generating a cranking voltage or a utility voltage from said high 
DC voltage; and 

selectively coupling said cranking voltage to said alternator or said utility 
voltage to a utility grid. 

[C030] 30. The method of claim 18 wherein said act of generating a high DC 
voltage further comprises: 

storing and delivering electrical energy derived from said low DC voltage 
using an ultracapacitor bank; and 
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controlling energy flows among said rectifier, said energy battery, and said 
ultracapacitor bank. 

[C031] 31. The method of claim 30 further comprising conducting current 
unidirectionally from said energy battery to said ultracapacitor bank. 

[C032] 32. The method of claim 18 wherein said act of producing said tractive 
effort from said motor voltage further comprises storing and delivering energy 
derived from said high DC voltage using a power ultracapacitor. 

[C033] 33. The method of claim 18 wherein said motor voltage is a DC voltage. 

[C034] 34. The method of claim 18 wherein said act of generating said high DC 
voltage further comprises supplying power to auxiliary loads. 

[C035] 35. A locomotive for producing tractive effort, said locomotive 
comprising: 

an energy source adapted for generating a high DC voltage; 

a motor drive adapted for generating a motor voltage from said high DC 

voltage; 

a motor adapted for producing a motor torque from said motor voltage; and 

a wheel adapted for producing said tractive effort from said motor torque 
and applying said tractive effort to a rail, 

said energy source comprising: 

a heat engine adapted for generating mechanical power by burning a fuel; 

an alternator adapted for generating an alternating voltage from said 
mechanical power; 

a rectifier adapted for rectifying said alternating voltage and producing a 
low DC voltage; 
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an energy battery adapted for storing and delivering energy derived from 
said low DC voltage; and 

a traction boost converter adapted for boosting said low DC voltage to 
produce said high DC voltage, 

said motor drive comprising: 

a power battery adapted for storing energy and delivering power at said 
high DC voltage; and 

a traction converter adapted for generating said motor voltage from said 
high DC voltage during motoring operation and for generating said high DC voltage 
from said motor voltage during braking operation. 

[C036] 36. The locomotive of claim 35 wherein a ratio of the energy storage 
capacity of said motor drive to the power delivered by said energy source at said high 
DC voltage is between about 0.001 hours and about 60 hours. 

[C037] 37. The locomotive of claim 35 wherein a ratio of the energy storage 
capacity of said motor drive to the power delivered by said energy source at said high 
DC voltage is between about 0.5 hours and about 20 hours. 

[C038] 38. The locomotive of claim 35 further comprising a cranking inverter 
adapted for generating a cranking voltage from said low DC voltage during cranking 
operation of said alternator. 

[C039] 39. The locomotive of claim 38 wherein said cranking inverter is bi- 
directional and further comprises a charging boost converter adapted for boosting said 
alternating voltage. 

[C040] 40. The locomotive of claim 35 further comprising a utility converter 
adapted for converting said low DC voltage to a utility voltage. 

[C041] 41. The locomotive of claim 40 wherein said utility converter is further 
adapted for selectively converting said utility voltage to said low DC voltage. 
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[C042] 42. The locomotive of claim 35 further comprising a utility converter 
adapted for converting said high DC voltage to a utility voltage. 

[C043] 43. The locomotive of claim 40 wherein said utility converter is further 
adapted for selectively converting said utility voltage to said high DC voltage. 

[C044] 44. The locomotive of claim 35 further comprising: 

a cranking inverter adapted for selectively generating a cranking voltage or 
a utility voltage from said low DC voltage; and 

a transfer switch adapted for selectively coupling said cranking voltage to 
said alternator or said utility voltage to a utility grid. 

[C045] 45. The locomotive of claim 44 wherein said cranking inverter is bi- 
directional and further comprises a charging boost converter adapted for boosting said 
alternating voltage. 

[C046] 46. The locomotive of claim 35 further comprising: 

a cranking inverter adapted for selectively generating a cranking voltage or 
a utility voltage from said high DC voltage; and 

a transfer switch adapted for selectively coupling said cranking voltage to 
said alternator or said utility voltage to a utility grid. 

[C047] 47. The locomotive of claim 35 wherein said energy source further 
comprises an ultracapacitor bank adapted for storing and delivering electrical energy, 
said traction boost converter being further adapted for controlling energy flows 
among said rectifier, said energy battery, and said ultracapacitor bank. 

[C048] 48. The locomotive of claim 47 further comprising a unidirectional 
coupler adapted for conducting current from said energy battery to said ultracapacitor 
bank. 
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[C049] 49. The locomotive of claim 35 wherein said motor drive further 
comprises a power ultracapacitor adapted for storing and delivering energy derived 
from said high DC voltage. 

[C050] 50. The locomotive of claim 35 wherein said motor voltage is a DC 
voltage. 

[C051] 51. The locomotive of claim 35 wherein said alternator and said rectifier 
are further adapted for supplying power to auxiliary loads. 

[C052] 52. An off-highway vehicle for producing tractive effort, said off- 
highway vehicle comprising: 

an energy source adapted for generating a high DC voltage; 

a motor drive adapted for generating a motor voltage from said high DC 

voltage; 

a motor adapted for producing a motor torque from said motor voltage; 

a wheel adapted for producing a wheel torque from said motor torque; and 

a tire adapted for producing said tractive effort from said wheel torque and 
applying said tractive effort to an off-highway surface, 

said energy source comprising: 

a heat engine adapted for generating mechanical power by burning a fuel; 

an alternator adapted for generating an alternating voltage from said 
mechanical power; 

a rectifier adapted for rectifying said alternating voltage and producing a 
low DC voltage; 

an energy battery adapted for storing and delivering energy derived from 
said low DC voltage; and 

a traction boost converter adapted for boosting said low DC voltage to 
produce said high DC voltage, 
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said motor drive comprising: 

a power battery adapted for storing energy and delivering power at said 
high DC voltage; and 

a traction converter adapted for generating said motor voltage from said 
high DC voltage during motoring operation and for generating said high DC voltage 
from said motor voltage during braking operation. 

[C053] 53. The off-highway vehicle of claim 52 wherein a ratio of the energy 
storage capacity of said motor drive to the power delivered by said energy source at 
said high DC voltage is between about 0.001 hours and about 60 hours. 

[C054] 54. The off-highway vehicle of claim 52 wherein a ratio of the energy 
storage capacity of said motor drive to the power delivered by said energy source at 
said high DC voltage is between about 0.5 hours and about 20 hours. 

[C055] 55. The off-highway vehicle of claim 52 further comprising a cranking 
inverter adapted for generating a cranking voltage from said low DC voltage during 
cranking operation of said alternator. 

[C056] 56. The off-highway vehicle of claim 55 wherein said cranking inverter 
is bi-directional and further comprises a charging boost converter adapted for 
boosting said alternating voltage. 

[C057] 57. The off-highway vehicle of claim 52 further comprising a utility 
converter adapted for converting said low DC voltage to a utility voltage. 

[C058] 58. The off-highway vehicle of claim 57 wherein said utility converter is 
further adapted for selectively converting said utility voltage to said low DC voltage. 

[C059] 59. The off-highway vehicle of claim 52 further comprising a utility 
converter adapted for converting said high DC voltage to a utility voltage. 



- 17- 



133987 



[C060] 60. The off-highway vehicle of claim 59 wherein said utility converter is 
further adapted for selectively converting said utility voltage to said high DC voltage. 

[C061] 61. The off-highway vehicle of claim 52 further comprising: 

a cranking inverter adapted for selectively generating a cranking voltage or 
a utility voltage from said low DC voltage; and 

a transfer switch adapted for selectively coupling said cranking voltage to 
said alternator or said utility voltage to a utility grid. 

[C062] 62. The off-highway vehicle of claim 61 wherein said cranking inverter 
is bi-directional and further comprises a charging boost converter adapted for 
boosting said alternating voltage. 

[C063] 63. The off-highway vehicle of claim 52 further comprising: 

a cranking inverter adapted for selectively generating a cranking voltage or 
a utility voltage from said high DC voltage; and 

a transfer switch adapted for selectively coupling said cranking voltage to 
said alternator or said utility voltage to a utility grid. 

[C064] 64. The off-highway vehicle of claim 52 wherein said energy source 
further comprises an ultracapacitor bank adapted for storing and delivering electrical 
energy, said traction boost converter being further adapted for controlling energy 
flows among said rectifier, said energy battery, and said ultracapacitor bank. 

[C065] 65. The off -highway vehicle of claim 64 further comprising a 
unidirectional coupler adapted for conducting current from said energy battery to said 
ultracapacitor bank. 

[C066] 66. The off-highway vehicle of claim 52 wherein said motor drive 
further comprises a power ultracapacitor adapted for storing and delivering energy 
derived from said high DC voltage. 
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[C067] 67. The off-highway vehicle of claim 52 wherein said motor voltage is a 
DC voltage. 

[C068] 68. The off-highway vehicle of claim 52 wherein said alternator and said 
rectifier are further adapted for supplying power to auxiliary loads. 
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